Background and Purpose-Although diabetes mellitus has been recognized as a risk factor for ischemic stroke, evidence is limited for ischemic stroke subtypes among Asians. Methods-A survey was conducted of a total of 13 129 men and 22 528 women aged 40 to 69 years at baseline. During the median 12.0-year follow-up, there were 526 incidences of ischemic strokes (259 lacunar infarctions, 91 large-artery occlusive, and 140 embolic infarctions). Results-The risk of ischemic stroke for both sexes was approximately 2 to 4 times higher for diabetic subjects than for those with normal glucose levels. Significant excess risks of lacunar and embolic infarction for both sexes and of large-artery occlusive infarctions for women were also observed in diabetic subjects. Diabetes mellitus was not associated with risk of intraparenchymal or subarachnoid hemorrhage for either sex. Conclusions-Diabetes mellitus is a significant risk factor for ischemic stroke and all subtypes of ischemic stroke for middle-aged Japanese. (Stroke. 2011;42:2611-2614.)
P rospective studies have demonstrated that diabetes mellitus is a risk factor for ischemic stroke. [1] [2] [3] [4] Furthermore, the Atherosclerosis Risk in Communities Study has reported that diabetes mellitus was associated with increased risk of large-artery occlusive infarction. 2 Although several Japanese studies have examined such associations for infarction subtypes such as lacunar and embolic infarction, 3, 4 none of them have examined the association of diabetes mellitus with risk of large-artery occlusive infarction due to the small number of cases among Japanese. 4 The probable reason for this small number is that the prevalence of diabetes mellitus and the proportion of large-artery occlusive infarction among stroke cases in Asians is lower than among other ethnic groups [2] [3] [4] [5] so that the statistical power of the study population would be too low for detecting an association between diabetes mellitus and risk of stroke subtypes.
We therefore used the findings of the Japan Public Health Center-based prospective (JPHC) Study, 1 of the largest cohort studies for Asians to investigate the relationship between serum glucose levels and risk of stroke and its subtypes among Japanese.
Methods

Study Cohort
The JPHC Study was initiated in 1990 (Cohort I) and 1993 (Cohort II) in 9 public health centers. 6 Serum glucose data from the baseline survey were available for 10 560 men and 19 241 women aged 40 to 69 years and for another 3098 men and 4168 women from the 5-year follow-up survey of Cohort I in 1995 and of Cohort II in 1998. Excluded from analysis were persons who reported having cardiovascular disease (nϭ565) or cancer (nϭ845) at baseline. The subjects were followed up until the end of 2004. The study protocol was approved by the Institutional Review Board of the National Cancer Center, Tokyo, Japan.
Baseline Survey and Confirmation of Stroke Incidence
The study protocols and stroke surveillance have been described in detail elsewhere. 6, 7 Diabetes mellitus was defined as a fasting glucose level of Ն7.0 mmol/L or a nonfasting glucose level Ն11.0 mmol/L or use of medication for diabetes mellitus with corresponding values for normal glucose level of Ͻ6.1 mmol/L or Ͻ7.8 mmol/L and for borderline diabetes mellitus of 6.1 to 6.9 mmol/L or 7.8 to 11.0 mmol/L.
For both fatal and nonfatal, stroke was confirmed by medical records according to the criteria of the National Survey of Stroke, which requires a constellation of neurological deficits of sudden or rapid onset lasting at least 24 hours or until death. Stroke events were classified as intraparenchymal hemorrhage, subarachnoid hemorrhage, ischemic stroke (lacunar, large-artery occlusive, and embolic infarction) primarily based of CT and/or MRI (97%). 7 Only confirmed strokes were used for the analyses.
Statistical Analyses
The hazard ratios (HRs) and 95% CIs for strokes according to serum glucose categories were calculated by using the Cox proportional hazards model. The confounding variables comprised age (year), smoking status (never, ex-, and current smoking: 1 to 19, 20 to 29, and Ն30 cigarettes/day), alcohol intake (never, ex-, and current drinking: ethanol intake Ͻ150, 150 to 299, 300 to 449, Ն450 g/week), quartiles of body mass index (kg/m 2 ), systolic blood pressure (a single reading, mm Hg), quartiles of serum total and high-density lipoprotein cholesterol levels and triglycerides (mmol/ L), antihypertensive medication use (yes), fasting status (Ͻ8 and Ն8 hours), and residential areas. SAS Version 9.13 was used for the statistical analyses (2-tailed). Table 1 shows baseline characteristics according to serum glucose categories. Higher glucose categories were positively associated with higher body mass index, blood pressure, antihypertensive medication use, total cholesterol, triglycerides, alcohol intake, and smoking, whereas they were inversely associated with high-density lipoprotein cholesterol levels for both men and women.
Results
During the median 12.0-year follow-up, there were 904 incidences of strokes, including 378 hemorrhagic and 526 ischemic strokes (comprising 259 lacunar infarctions, 91 large-artery occlusive, and 140 embolic infarctions).
Patients of both sexes with diabetes mellitus had an approximately 2 to 4 times higher risk of ischemic stroke than did normal subjects of both sexes. Diabetes mellitus was also associated with higher risks of lacunar and embolic infarctions for both men and women and with higher risk of large-artery occlusive infarction for women (Table 2) .
We combined the data of men and women because the associations between diabetes mellitus and risk of stroke and its subtypes did not vary by sex (P for interaction Ͼ0.13). The multivariable HRs (95% CI) associated with diabetes mellitus were 2.65 (2.04 to 3.44) for ischemic stroke, 2.65 (1.82 to 3.87) for lacunar infarction, 2.58 (1.41 to 4.72) for largeartery occlusive infarction, and 3.32 (2.02 to 5.14) for embolic infarction (not shown in Table 2 
Discussion
We confirmed that subjects of both sexes with diabetes mellitus had an approximately 2-to 3-fold higher risk of ischemic stroke than did those with normal glucose levels, [1] [2] [3] [4] and extended the evidence that diabetes mellitus was associated with risk of large-artery occlusive infarction among Asians.
The excess risk of embolic infarction for diabetic subjects in our study was consistent with that reported by the Atherosclerosis Risk in Communities Study, 2 partly due to atrial fibrillation. Higher plasma glucose levels were associated with an increased risk of atrial fibrillation, 8 and atrial fibrillation is a major risk factor for embolic infarction. 3 The association between diabetes mellitus and risk of ischemic stroke tended to be stronger in women than in men, although the sex interaction did not reach statistical significance. This finding was consistent with a previous study conducted in Japan, which reported a multivariable HR (95% CI) of ischemic stroke for diabetes mellitus of 1.8 (1.0 to 3.2) for men and 2.2 (1.2 to 4.0) for women, 4 and a recent large meta-analysis of 102 prospective studies, which found a multivariable HR of 2.2 (1.8 to 2.5) for men and 2.8 (2.4 to 3.4) for women. 1 However, these studies could not offer a satisfactory explanation for this sex difference.
The strengths of this study are the large population size and standardized measurements of cardiovascular risk factors in addition to confirmation of stroke incidence based on imaging studies. 7 The primary limitation is a dilution bias due to the single glucose measurement and the use of an epidemiological cut point for diabetes mellitus based on casual blood glucose levels than oral glucose tolerance testing, 9,10 both of which may have led to the underestimation of diabetes-stroke associations. We examined the association between continuous fasting glucose levels and risk of ischemic stroke and still found a significant positive association. Furthermore, the prediction of ischemic stroke by the presence of diabetes mellitus did not differ whether nonfasting or fasting glucose levels are used.
In conclusion, our findings provide evidence that diabetes mellitus is associated with increased risk of ischemic stroke and all subtypes of ischemic stroke for middle-aged Japanese. Multivariable adjustment: age, body mass index, serum total and high-density lipoprotein cholesterol, triglycerides, smoking and alcohol intake, systolic blood pressure, antihypertensive medication use, fasting status, and residential areas.
HR indicates hazard ratio.
